Background/Aim. Although there are several types of malignant oral cancers, more than 90% of all diagnosed oral cancers are squamous cell carcinoma (OSCC). Angiogenesis is a cascade-like mechanism which is essential for tumor growth and metastasis. Therefore, vascular endothelial growth factor (VEGF) expression in OSCC and its effect on clinicopathological characteristics and prognosis is of major interest. So far researches have shown that increased expression of this gene, in other words enhanced sinthesis of this protein (VEGF), independently on other factors, increases a chance for local relapse, and distant metastasis. Consequently, patients with OSCC have poor disease-free survival, as well as poor overall survival. The aim of the study was to determine clinical significance of VEGF expression in patients with stage II and III OSCC. Methods. This retrospective study analysed 40 patients who had been operated for OSCC of their tongue and the mouth floor. Of these patients, some had stage II and III OSCC with histological grade, G1-G3 and nuclear grade Ng1-Ng3. Two high quality tissue samples were obtained and immunohistochemical expression of VEGF was quantitatively determined by using high microscope amplification. The value of VEGF expression of 20% was rated as significant expression, whereas tumor cells reactivation less than 20% was considered very low or no expression at all. The patients were followed up for a 3-year period. Results. The obtained results showed that 11 (17.5%) patients had VEGF expression less than 20% and 29 (82.5%) above 20%. A statistical significance was immanent with positive nodal status (p < 0.05) and disease stage (p < 0.05). No statistical correlation was found between the level of VEGF expression and histological and nuclear grade, tumor size, disease relapse or patients overall survival. Conclusion. Inspite the controversy about the prognostic relevance of VEGF our results as well as the results of previous studies, suggest that the expression of VEGF is not reliable as a clinical parameter for the prognosis and disease outcome but it is one of the important factors for the disease progression.
Introduction
The etiology of oral squamous cell carcinoma (OSCC) is not well known. Major risk factors for OSCC are smoking, alcohol use, poor oral hygiene, oral human papillomavirus (HPV), AIDS and any other chronic irritation, such as chronic infections, dental caries, etc [1] [2] [3] [4] . The hallmark of squamous cell carcinoma is its fast and infiltrative growth, invasion and destruction of adjacent structure, and very high potential for metastatic lymphatic and haematogenous spread.
There is a widespread opinion that malignancy development is multifactorial in which environmental and genetic cofactors influence on molecular and genetic alterations of the cell [5] [6] [7] . Despite advancement in diagnostics, surgical technique and postsurgical oncologic protocols, it is shown in the past thirthy years that a 5-year survival rate in patients with OSCC is approximately 50% 2 . Therefore, ongoing efforts to answer the questions regarding biological effect of this malignant tumor still persist.
The main goals of up-to-date research are to find the algorithm that will help in understanding process of cancerogenesis and to find specific biomarkers which will facilitate accurate identification of disease progression and outcome, as well as specific agents that will help in treatment of OSCC. A number of genetic and genetically regulatory factors have been recognized showing important roles in cancerogenesis and regulated by a balance between angiogenic stimulators and inhibitors. Among them, there are multiple growth factors and their receptors 8 . It is well known that neovascularization is the main contributory factor for tumor growth.
One of the most potent proangiogenic factors is vascular endothelial growth factor (VEGF). VEGF and its receptors play important role in both pathological and normal angiogenesis.
Activation of VEGF and its receptors promote a cascade in intracellular signaling to stimulate endothelial cell mitogenesis, cell migration and differentiation, vascular permeability and enhancing mobilisation of endothelial progenitor cells from the bone marrow to peripheral circulation [9] [10] [11] . VEGF family consists of seven different types: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F placentar growth factor -1 and -2 (PlGF).
VEGF mediates their angiogenic effects by binding to specific VEGF receptors. VEGF receptors vary among the three primary receptors; VEGFR-1, -2, -3. All of them are type III receptor tyrosine kinases 12 . VEGF has an important role in neovascularization of oral carcinoma, and its metastasis being a potent predictor in disease progression [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . Based on previous acknowledgement regarding VEGF role in molecular cancerogenesis in OSCC, we hypothesized that patients with carcinoma of the mouth floor and tongue stage II and III an increased VEGF expression could have frequent local and/or regional disease relapse and shorter overall survival as compared to patients with no evidence of VEGF expression.
The aim of this study was to assess the level of VEGF expression in tumor tissues in all patients with OSCC of the mouth floor and tongue stage II and III, to evaluate the rate of VEGF expression in correlation with local and regional disease relapse, and incidence of distant metastasis, as well as a 3-year survival rate, and to investigate a relationship between the level of VEGF expression with histological type and tumor grading.
Methods
In the retrospective study we analysed 40 patients operated on in a period between July 2001 and May 2003 at the Maxillofacial Clinic in the Clinic for Oral and Maxillofacial Surgery, Military Medical Academy, Belgrade. All of those patients were operate for OSCC of their tongue and the mouth floor (stage II and III OPCC with histological grade G1-G3 and nuclear grade Ng1-Ng3).
Each of them underwent postsurgical radiation therapy according to the protocol for this type of cancer and had a regular 3-year follow-up. The patients were analysed based on their age, sex, their general well-being (Karnofsky scale), cigarette smoking, alcohol consuming, and oral hygiene status.
Clinical parameters relevant for the disease course follow-up included identification of cancer staging (TNM), tumor characteristics (size, location, histological and nuclear grading), type of surgical procedure and postoperative period. Regarding the therapy effectiveness in terms of the apperance of local recidives, regional and/or distant metastasis, as for length of disease remission and patients overall survival, we compared two categories: patients with VEGF expression of ≤ 20%, and another with VEGF expression > 20% in their tumor tissue.
Pathohistological parameters
All tissue samples were processed by using the macroscopic topographic method for diagnosing a type, grade and postoperative-pathologic staging based on TNM classification 30 . The tissue specimens obtained from tumor resection and from lymphatic nodes were fixed by 5% puffer formalin, inserted into paraffin blocks and sliced to 4 µm. Tissue specimens were processed in a Sakura V.I.P. machine apparatus designed for automatic fixation, dehydration, clearing and impregnation. For tissue preparation the standard hematoxylin-eosin color (H&E) was used.
Accorging to the WHO classification tumor was staged from 1-3.
Keratin type of squamous cell carcinoma was marked as G1 (Figure 1 ), squamous carcinoma composed of cohesive mildly polymorphic tumor cells as G2 ( Figure 2 ) and as G3 tumor in trabecular or solid layers characterized with polymorphic nucleus and multiple mitotic figures (Figures 3 and 4) .
Immunohistochemical analysis of VEGF
Epitop demasking was performed by using microwave pretreatment and immersing slides in the Target Retrieval Solution -Solution pH 9.0 (Dako S 2367). As primary anti- gen, we used commercial mouse monoclonal antihuman antibody -VEGF (DAKO M7273), concentration VG1 with dilution of 1:25. For visualization, LSAB+(DAKO K0690) system and chromogen DAB Liquid (K3466) were used. Immunohistochemical (IMH) reaction of VEGF was performed on two tumor tissue specimens, one of them obtained from the central area without necrosis and the other one from the periphery, close to the nontumor edge.
Under a high resolution microscope (100), marginal value of 20% immunoreactive cells (total of 1 000 analized cancerous cells) was identified. This model was charaterized as a significant level of exspression, while a value of 20% immunoreactive cells showed very low or no expression at all 31 . In our study we specified significant level of VEGF exspression above > 20% (VEGF > 20%) as VEGF 2, and level below 20% for VEGF < 20% as (VEGF 1).
Statistical analysis was done by using nonparametric methods. Level of VEGF exspression in relation to the known risk factors for developing oral planocellular cell carcinoma of tongue and the mouth floor and in relation to tumor parameters was analysed with χ 2 (chi-square) test with Yates' Correction Factor and Fisher's exact test. A period without disease relapse and overall survival rate was calculated by the Kaplan-Meier method. A period without disease relapse and overall survival rate between two groups was compared by the Log-Rank test.
Results
Our study included 40 patients of which 36 were males, aged between 43 and 77, mean age 60.6 years, median 55.4 years. According to sex, median age for the males was 59.6 years and for the women 54 years. The majority of those patients (80%) were long-term smokers -consumed more than 20 cigarettes per day, and 60% of them had long-term alcohol intake.
According to the TNM system we identified that 7/40 (17.5%) patients were with stage II disease and 33/40 (82.5%) with stage III. Clinicopathological parameters of the patients are shown in Table 1 , size of regional metastasis in Table 2 , and primary tumor location in Table 3 . Dispersion of parameters specific for primary tumor with different disease stages are illustrated in Figure 5 . This indicates that 18 (45%) patients had poor oral hygiene, but 22 (55%) had adequate one at the time of their first physical exam. Of all Regarding location for primary tumor relapse, 45% of the patients had relapse at the edge of the anterior two-thirds of tongue, 36% on posterior one third, and 18% had primary cancer at the floor of the mouth. The appearance of local and regional relapse was noticed in 45% surgically treated patients, mainly where primary cancer involved edge of the posterior third tongue (55%). We did not find a significant statistical correlation between location of disease relapse and site of primary resected tumor (χ 2 test, p > 0.05), nor a connection between frequency of relapse and onset of occurrence time interval (χ 2 test, p > 0.05). In our specific group of patients a 3-year-disease-free survival were identified in 42% (17/40) patients, while 82% (14/17) stage III and 18% (3/17) patients at stage II died in a 3-year follow-up period.
By analyzing tumor specimens we obtained that 11 of 40 tumors (28%) were positive for VEGF 1 expression (Figures 6 This study showed that the percentage of patients with lymphadenopathy on initial physical exam was 75%. Analysis concluded that there was a significantly high difference between VEGF 2 expression in the patients with metastatic neck lymph node involment (in 26 of 40 patients or 65%), as compared to the patients without neck involvement (26 vs 3, Fisher test, p < 0.05) ( Table 4) .
Our results also demonstrate important statistical difference in VEGF 2 expression between the disease stage II and III. Of 40 patients, 8 (20%) were at the stage II, while 32 (80%) were at the stage III. Our study revealed that 27 patients with stage III had VEGF expression > 20% (VEGF 2and only two with stage II (27 vs 2, Fisher test, p < 0.05) ( Table 5 ).
In the study and during the regular follow-up we noticed that 50% of the patients with OSCC had disease relapse. Comparing two groups of patients, one with relapse and other without, there was no statistical significance in frequency of VEGF expression (Fisher test, p > 0.05).
Following patient's disease-free interval (DFI) we have not observed dissimilarity among the subjects with type VEGF 1 expression and the group of patients with VEGF expression above 20% (VEGF 2) (Log Rank test, p > 0.05). This analysis was complemented by Hazard Ratio (HR) test for DFI with 95% CI. The results obtained in this study showed that patients with VEGF 1 expression had 30% less risk of having disease reactivation ( Figure 10 ). In this study, no statistical correlation between VEGF expression and the length of overall survival was observed in patients with OSCC (Log Rank test, p > 0.05). This test was supplemented, as well, by HR analysis which concluded that patients with VEGF 1 expression had more than double lenght of overall survival ( Figure 11 ). 
Discussion
Oral squamous cell carcinoma is the most common malignancy of the upper aerodigestive tract. The most commonly affected organs are the mouth floor and the tongue rendering about 90% of all malignant tumors in this regional distribution. It is estimated that around 350 000 people worldwide are newly diagnosed with OSCC each year.
Oral squamous cell cancer consistently ranks as one of the top eleven cancers worldwide [31] [32] [33] . So far, TNM clinical classification and pathohistological findings were essential parameters of the disease prognosis and outcome; however, there is a limit in understanding the evolution of this malignancy.
Application of molecular biology and genetics has significantly advanced the field of human cancer research in OSCC.
This explosion in technology has fueled the current expansion of knowledge into the working of the human cell. Clinical data so far have demonstrated that genetic and molecular cells alteration has been caused by multiple factors 2 . A combination of surgery radiation therapy and/or chemotherapy are the mainstay of OSCC therapy.
Despite advancement in diagnostics, surgical technique and postsurgical oncologic protocols a 5-year survival rate in patients with OSCC is approximately 50%, in the past thirthy years 2 . Thus, ongoing efforts to answer the questions regarding biological effect of this malignant tumor have been subject to numerous studies.
The main goals of many studies last years have been to understand the process of malignant transformation and to establish an algorithm that explains the transformation of normal cell to cancer one under specific conditions. A number of genetic and genetically regulated factors have been recognized showing important role in cancerogenesis and regulated by a balance between angiogenic stimulators and inhibitors, such are multiple growth factors and their receptors.
One of the most potent proangiogenic factor is vascular VEGF. Among the factors causing tumor angiogenesis, VEGF is considered crucial for both the growth of the primary tumor and the development of metastases.
For the past three decades VEGF has been investigated and research has shown its crucial contribution to carcinogenesis. Vasculogenesis is the key factor for almost all malignancy development, so as for OSCC. Multiple studies have investigated a correlation between VEGF and its receptors with OSCC development. The aim of numerous studies was to point out the association of VEGF and OSCC, including tumor incidence, growth, progression, metastatic potential, invasion, recurrence and overall patient's survival.
VEGF has been tested as an isolated factor or in combination with others such as growth factors, multiple gene alterations, as well as molecular changes in patients who were diagnosed with oropharyngeal squamous cell carcinoma. There has been tendency to find highly specific biomolecular markers as valuable prognostic relevance of this malignancy.
The aim of that study was also to review the current knowledge on the prognostic value of tumor marker in the treatment of OSCC. The literature of the past 5 years (1997-August 2002) was screened. One hundred and sixty-nine articles were included in this review, that analyzed markers of relevance for OSCC.
Twenty-nine molecular markers of relevance were identified. Tumor markers were allocated to four groups according to their function: the first group included markers responsible for enhancement of tumor growth, in other words cell cycle acceleration and proliferation; the second grouptumor suppression and anti-tumor defence with the role in immune response and apoptosis; the third one were factors that influence angiogenesis, and the forth group constituted The data showed that the prognostic relevance of most tumor markers still remains not quite clear. Only 12 of 23 reports on the prognostic relevance of markers from the first group indicated a significant association with prognosis while 20 of 29 studies on markers from the second group showed a prognostic relevance. Based on the majority of the previous studies, markers of angiogenesis exhibited only minor importance for the prognosis and treatment of OSCC. The results on markers of tumor invasion and metastatic potential appeared not to be enough valuable indices for a statement regarding their prognostic value. This analysis stipulated that the role of isolated molecular markers within the tumor was not significant for prognosis of OSCC. On the other hand, molecular markers together with histopatological results are of great importance for prognosis and follow-up of patients outcome.
So far, no specific marker has been discovered any as an important prognostic indicator of squamous cell carcinoma or for follow disease outcome in patients with OSCC.
Therefore, our study as many previous ones used standardized, well known parameters and criteria that are important in application for diagnosis, prognosis and disease progression in the head and neck planocellular carcinoma. We observe the same with the level of expression by using only one biomolecular marker that is VEGF responsible for angiogenesis.
There was no statistical significance between VEGF expression and patient's age (χ 2 test, p > 0.05), cigarette smoking, alchohol consuming, and poor oral hygiene (Fisher test, p > 0.05).
Tumor size is one of the crucial parameters defying disease progression, outcome and treatment modalities in patients with OSCC, but tumor dimension is not always a valid index of behaviour of planocellular carcinoma. Tumor biology is very complex process and tumor size is compared with other factors that have significant role in OSCC pathogenesis. In our study we compared tumor size with VEGF expression. The results obtained from this analysis did not showed significant correlation between of VEGF expression level and tumor size (χ 2 test, p > 0.05). The same results were releaved by Shintani et al. 13 in their study from 2004. On the contrary, Shang et al. 34 , in their study from 2006, describing negative correlation between tumor size (T stage) and VEGF expression showed a significant relationship between VEGF expression and size of the tumor.
A degree of differentiation of planocellular carcinoma is the most important parameter for clinical course of disease, and treatment modalities of OSCC depend on histological and nuclear grading.
Significance, VEGF expression in relation to the stated histological parameters is controversial. A study done by Kyzasa et al. in 2005 did not show a significant statistical relevance between VEGF expression and histologic grade. Opposed to that, Johnstone and Logan in 2007 signified a correlation between the degree of tumor differentiation and VEGF expression.
In our study, 20 patients with histological grade G2 showed high level of VEGF expression (VEGF 2), 7 patients with histological grade G1 had level VEGF 1 and VEGF2 expression. Also, the group with histological grade G3 releaved VEGF 2 expression or rather > 20%.
Nuclear grade is the parameter which we have also analyzed in comparison with VEGF expression. In our study, there were 16 patients with Ng1, level VEGF 2 expression; 4 patients with Ng2 and 9 with Ng3 also showed VEGF2. Statistical analysis observing histological and nuclear grading did not provide any connection with VEGF expression (Fisher test, p > 0.05).
The presence of enlarged regional lymph nodes (LN), observed on the first physical exam confirmed and metastasis in the same region were reliable signs of disease advancement, and very important factor that treatment success depends on. A previous opinion was that metastatic lymphatic spread was a result of tumor cells penetration into nearest lymphatic nodes. Recent studies show that this process is in relationship with lymphangiogenesis, which promotes metastatic spread. It has been confirmed that lymphangiogenesis persist in the nearest tumor location or in tumor itself and influence metastatic lymphatic node spread. Therefore, lymphangiogenesis has been the subject of numerous studies in the past several years and VEGF is characterized as a key factor in that process.
VEGF-C is the cardinal member of the VEGF family and plays an important role in the complexity of lymphangiogenesis 17, 18 . The studies done by Shintani et al. 13 , Sauter et al. 16 , Siriwardena et al. 17 , O-charoenrat 18 have shown significant association between lymph nodes metastasis and VEGF expression from a certain members of VEGF family.
As distinct from above studies, the results obtained by Kyzas et al. 29 , Tsea et al. 35 did not releave statistically significant connection between lymph nodes metastasis and VEGF expression. Our study showed that 75% patients had enlarged LN on initial physical examination.
Our analysis shows a significant statistical difference between two groups of patients in terms of the level of VEGF 2 expression. The first group with the lymph nodes metastasis, 26 of 40 (65%), showed VEGF 2 expression as compared with group of patients without neck LN metastasis (26 vs 3, Fisher test, p < 0.05).
Disease stage is an important parameter for disease follow-up and prognosis and TNM classification is used as a basic tool 13 . The TNM staging, as well as other factors that represent disease progression in patients with OSCC were compared in regards to the level of VEGF expression. Numerous studies indicate a significant connection between disease stage and excessive expression of VEGF 28, 36 . Our results also demonstrate an important statistical difference in VEGF 2 expression between disease stage II and III. Of 40 patients, 8 (20%) were at stage II, while 32/40 (80%) at stage III. Our study revealed that 27 patients with stage III had VEGF expression > 20% (VEGF 2), whereas only two patients with stage II (27 vs 2, Fisher test, p < 0.05) ( Table 5) . During the regular patients follow-ups we noticed that 50% of the patients with OSCC had disease relapse. Comparing two groups, one with relapse and the other without there was no statistical significance in frequency of VEGF expression (Fisher test, p > 0.05).
Some studies indicate that excessive VEGF expression is in correlation with the lenght of disease-free-interval [37] [38] [39] [40] [41] . In our study, we did not observe dissimilarity among the subjects with type VEGF 1 expression and the group of patients with VEGF expression above 20% (VEGF 2) (Log Rank test, p > 0.05). This analysis was complemented by Hazard Ratio test for DFI with 95% CI.
The results obtained in this study show that the patients with VEGF 1 expression have 30% less risk of having the disease reactivation (Figure 9 ).
Overall survival (OS) in OSCC patients lies between 50-55% 5 . There are multiple factors that affect overall survival in patients with OSCC and one of them is excessive VEGF expression, according to numerous studies 29, 35, 37, 38, 42 . Our study showed no statistical correlation between VEGF expression and length of overall survival in the patients with OSCC (Log Rank test, p > 0.05). This test was supplemented by HR analysis which concluded that the patients with VEGF 1 expression have more than a double lenght of overall survival.
Comparing the results of our study with the results of other ones we observed certain differences of importance in VEGF expression related to tumor size, incidence of lymh nodes metastasis, disease stage, disease free interval and overall survival.
In our study we found a significant correlation with high level of VEGF expression (VEGF 2) disease stage and the presence of lymph nodes metastasis. Other studies 13, 17, 18, 28, 34 showed the same connection between the increased VEGF expression and metastatic LN in patients suffering from OSCC. Our study as well as other studies 28, 35, 36 confirmed that the disease stage is in correlation to VEGF expression. The rest of the clinical and pathohistologic parameters did not have statistical significance in linking it with level of VEGF expression. Although we contemplated a correlation of enhanced VEGF expression with DFI 19, 28, 29, 34, 35, 36 and OS, our results were negative, which was contradictory to some other studies. One of the reasons for negative results could be explained by a small number of patients analysed.
Angiogenesis is an essential requirement for tumor growth, invasion and metastasis 41 . Tumor angiogenesis is controled by angiogenic factors directly induced by tumor cell itself or indirectly induced from surrounding stromal tissue. There are several factors that have angiogenic activity, such as basic fibroblast growth factor (bFGF), plateletderived endothelial growth factor (PDGF) and vascular endothelial growth factor (VEGF). They are highly specific for endothelial tissue and have a significant role as vascular permeability factor (VPF) 36 . It is well known for VEGF to be one of the most potent promoter of tumor angiogenesis 35 . The contribution of VEGF to the development of the head and neck squamous cell carcinomas and its role in angiogenesis was analyzed and confirmed on several occasions.
Due to controversy regarding VEGF effect, conflicting results within the literature still perzist 13 . The majority of authors emphasize VEGF role in OSCC angiogenesis, most importantly its effect in tumor agressivness, local and regional spreading, as well as overall survival. VEGF is believed to be a reliable marker for the outcome in many cancers, thus in OSCC.
Negative results obtained in certain sudies 20 confirm that there is no highly specific marker which would assure adequate prognosis and disease outcome for OSCC.
Conclussion
Inspite the controversy about the prognostic relevance of VEGF, our results as well as the results of previous studies suggest that the expression of VEGF is not reliable as a clinical parameter for the prognosis and disease outcome but it is one of the important factors for the disease progression.
Understanding the development and progression of oral cancer is critical in the quest for a successful therapeutic intervention. Therefore, further studies aimed at finding a highly specific and sensitive marker and its application in OSCC are necessary.
